1. Introduction
===============

Stroke is defined by the association between any acute neurologic event and acute radiological abnormality with evidence of ischemia.^\[[@R1]\]^ Childhood stroke must occur between the age of 28 days and 18 years persisting for at least 24 hours.^\[[@R2]\]^ The incidence of stroke in pediatric ages is extremely low accounting for up to 3 cases in 100,000 children above 5 years of age and 8 to 13 cases per 100,000 children with the age between 5 and 14 years.^\[[@R3]\]^ Depending on the type of stroke, the incidence may vary between 0.3 and 2.7 cases in 100,000 children.^\[[@R4]\]^ Moreover, up to 90% of the children with stroke present neurologic deficits and seizures, 20% of cases present recurrences and in up to 10% is a leading cause of death.^\[[@R5],[@R6]\]^ The reports of stroke in children are few in the literature and most of them originate from developed countries, this pathology remaining underdiagnosed in developing countries since data regarding this topic are nonexistent in these areas.^\[[@R7]\]^ Furthermore, there are multiple differences between pediatric and adult stroke. Thus, in children 50% of stroke cases are ischemic as compared to 85% of adult cases.^\[[@R8]\]^ The etiology is also particular in children because in comparison to adults where the most frequent causes include hypertension, atherosclerosis, and diabetes; the most commonly incriminated risk factors in pediatric patients are cardiac diseases, infections, trauma, or vascular/vasculitic and metabolic disorders.^\[[@R1],[@R9]\]^

Despite the recent increasing physician\'s awareness regarding this life-threatening pathology in children, the timely diagnosis remains a real challenge. The diagnostic and management difficulties are related to the wide spectrum of risk factors in these ages, atypical onset, and presentation complaints, but also the lack of a consensus regarding the therapeutic approach in these patients.^\[[@R7]\]^ Nevertheless, in most cases, the poor outcome is related diagnostic delays due to the lack of both community awareness and symptoms recognition by medical health providers.^\[[@R7]\]^ Based on these striking differences, the approach of a child with stroke is different from adults. Brain imaging is mandatory for both the confirmation of an ischemic stroke and to exclude a hemorrhagic one.^\[[@R10]\]^ Each imagistic method has its own pros and cons. Thus, brain computed tomography (CT) presents increased sensitivity for acute hemorrhage, but low sensitivity for acute ischemic stroke within the first 6 hours, being readily available and fast. On the other hand, magnetic resonance imaging (MRI) has high sensitivity for acute ischemia, but presents other disadvantages, such as poor availability and the need for general anesthesia in children for a complete and appropriate evaluation.^\[[@R10]\]^ The evaluation of a child with stroke should also involve the identification of potential risk factors that might result in short-term recurrence.^\[[@R10]\]^ Thus, vascular imaging of the brain and neck, along with electrocardiogram, echocardiography, lipid profiles, or extended cardiac rhythm monitoring should also be taken into account in these ages.^\[[@R10]\]^

The acute management in case of infants and children with stroke involves appropriate oxygenation, assurance of airway integrity and adequate hydration without administering hypotonic fluids.^\[[@R10]\]^ In case of unknown source of ischemic stroke, anticoagulant therapy with unfractionated heparin or low-molecular-weight heparin along with antiplatelet therapy should be initiated.^\[[@R11]\]^ The recommendations regarding secondary prevention are controversial. Nevertheless, limited data underline that children should be administered antithrombotic agents in order to prevent acute recurrences, but the duration of this treatment is uncertain.^\[[@R12]\]^ The outcome is closely related to appropriateness pediatrician-child-parents relationship, and specific medical centers for children with stroke should exist also in our country in order to avoid delays in diagnosis and management.^\[[@R13]\]^

Our aim was to underline the particularities related to the diagnosis and management of ischemic stroke in a 7-month-old infant.

The written informed consent was obtained from the patient\'s mother prior to publication of this case.

2. Case report
==============

2.1. Presenting concerns
------------------------

We report the case of a 7-month-old infant admitted in our clinic for limited movements of the superior and inferior right limbs. The onset was approximately 27 hours before the admission with paroxysmal manifestations consisting in repeated clonic movements of the right hand associated with the same manifestations in the right oral commissure lasting approximately 10 seconds followed by the limitation of active movements in the superior and inferior right limbs. The family history revealed that maternal grandfather had acute myocardial infarction and maternal great grandmother had both acute myocardial infarction and stroke. His recent personal history showed an episode of acute otitis and rubella, 4 weeks before the admission and 3 weeks before the admission, respectively.

2.2. Clinical findings
----------------------

The clinical exam at the time of admission revealed influenced general status, right central facial paresis, the lack of reaction to stimuli (no blabbing, no smiling, no sitting), paresis of the inferior and superior right limbs, flask hypotonia and reduced muscular strength at this level, a mild cardiac murmur, and excessive weight gain, weight 10.5 kg.

2.3. Diagnostic focus and assessment
------------------------------------

The usual laboratory tests (complete cellular blood count, inflammatory biomarkers, liver, and renal function tests) performed on admission day were within the normal ranges. The CT showed a left parietal hypodensity of approximately 20/18 mm. The brain MRI confirmed the presence of left ischemic stroke. The laboratory tests performed in order to identify potential risk factor consisted in D-dimers, anti-thrombin III, protein C and S, anti-phospholipid, anti-cardiolipin, anti-beta2 glycoproteins I, antinuclear antibodies, and the genetic profile for thrombophilia. Nevertheless, only D-dimers, IgG anti-cardiolipin and anti-beta2 glycoproteins I antibodies were positive, whereas the genetic profile for thrombophilia revealed heterozygote mutation in *MTHFR C677T* and *A1298C genes*. We also assessed the lipid profile after a 9-hours fasting period and identified hypercholesterolemia (213 mg/dl) and increased low-density lipoprotein cholesterol (137 mg/dl). The echocardiography showed a minor ostium secundum atrial septal defect and aneurism of interatrial septum, while the electrocardiogram was normal. The angio CT performed after 10 days from admission pointed out left frontal ischemic stroke, hypoplasia of internal carotid artery, and agenesia of segment M1 of median cerebral artery and segment A1 of left anterior cerebral artery (Figs. [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}). The electroencephalogram established the diagnosis of right focal convulsive syndrome.
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2.4. Therapeutic focus and assessment
-------------------------------------

On the 1st day of admission we initiated low-molecular-weight heparin, antiplatelet therapy along with vasodilators and depletive treatment in order to diminish the acute cerebral edema. We also associated wide-spectrum antibiotics since we were not able to rule out a former infection of the central nervous system. According to the neurologist recommendations, we also administered anticonvulsant therapy.

2.5. Follow-up and outcome
--------------------------

The infant is discharged after approximately 3 weeks of hospitalization with a favorable evolution and great improvements of the neurological deficit, being able to express mild active movements of both superior and inferior right limbs. After approximately 6 month, the patient presented major improvements of the neurological deficit, especially in the inferior limb, and all above-mentioned antibodies positive at onset, turned out within normal ranges. In addition, the lipid profile was normal. We also repeated the angio CT that confirmed the presence of the previously mentioned vascular malformation and showed cerebral atrophy as a result of ischemic stroke. Based on the complex cerebral vascular malformation we recommended continuing the anticoagulant therapy lifelong.

3. Discussions
==============

Ischemic stroke is extremely rare in children beyond the neonatal period.^\[[@R10]\]^ It is well-documented that during the neonatal period, the incidence of stroke may vary between 1 in 4400 and 1 in 7700 live births, and it can also occur during the intrauterine life.^\[[@R10],[@R12]\]^ Moreover, in the USA the prevalence of cerebral palsy account for 3.1 cases in 1000 children with the age of 8 years, of which up to 35% express unilateral spasticity.^\[[@R14]\]^ Furthermore, 89% of strokes during childhood occur in low- and middle-income countries representing a real social burden for these nations.^\[[@R15]\]^ Similarly, our country might be considered a middle-income nation, even though our infant was from a family with a normal socio-economic level. The most common risk factors for stroke in children are arteriopathy, cardiac diseases, other chronic disorders (e.g. iron deficiency anemia, sickle cell anemia, different genetic syndromes, aneurysms, autoimmune disorders, prothrombotic state, etc.), sepsis, shock, dehydration, and others.^\[[@R10],[@R16]\]^ Of these risk factors, we identified only isolated foramen ovale in our patient, but also a complex cerebral vascular malformation. Despite the fact that dyslipidemia and obesity are known as risk factors in adults, our infant was identified with high levels of cholesterol and low-density lipoprotein cholesterol associated with excessive weight for his age, 10 kg at 7 months of age. According to recent studies that focused on identifying the factors that influence neonatal outcome, birth weight is an important predictor of further nutritional status, with a multifactorial determinism.^\[[@R17]--[@R19]\]^ We must also mention that our patient\'s birth weight was high, 4 kg that might have influenced his further excessive weight gain during the first 7 months of life. Moreover, obesity-related inflammatory status was also proved in children as well as higher lipid profiles.^\[[@R20],[@R21]\]^

Delays in diagnosis are due to both the rarity of ischemic stroke and atypical symptoms in pediatric patients. Thus, stroke mimics in children might consist in seizures, migraine, syncope, Bell palsy, peripheral nerve disorders, central nervous system infection, drug intoxication, or even abdominal pain associated with other suggestive symptoms, etc.^\[[@R22]--[@R24]\]^ Certain intoxications, such as lead poisoning should also be taken into account for the differential diagnosis of stroke in these age groups.^\[[@R25]\]^ Our patient presented hemiparesis, seizures, and central facial paresis. We did not experience delays in diagnosis in our case since we established the diagnosis within the first 24 hours after admission, but unfortunately, the patient presented only after 27 hours from onset.

Neuroimaging of the brain is the most important diagnostic tool in both ischemic and hemorrhagic strokes independently of the age. Nevertheless, the first step in the assessment of a child with stroke is CT since it is readily available, and it does not require sedation. MRI and angio CT might represent 2 viable options as further steps in the evaluation of these cases. Nevertheless, a study performed on 26 patients with acute stroke suggested that magnetic resonance angiography might overestimate the stenosis in medium-sized vessels, and even miss occlusion in distal small vessels.^\[[@R26]\]^ A large meta-analysis that focused on strokes in children, identified malformations of the large intracranial arteries consisting in irregularities, stenosis, or occlusion as the most common etiology for ischemic stroke in pediatric patients.^\[[@R27]\]^ In our case, the angio CT also revealed a complex vascular malformation consisting in hypoplasia of internal carotid artery, and agenesis of both segment M1 of segment M1 of median cerebral artery and segment A1 of left anterior cerebral artery.

The outcome of children with stroke depends mostly on the timely diagnosis, but the mortality in these patients remains high. Thus, a prospective study performed on 95 children with stroke from Switzerland with a follow-up period of approximately 7 years showed an overall mortality of 14%, and 6% of the patient presented a recurrent stroke. Most of the studied patients had hemiparesis and speech impairment.^\[[@R28]\]^ Nevertheless, neurological deficits in children might suggest also certain genetic disorders.^\[[@R29],[@R30]\]^ Fortunately, our patient\'s outcome was very good, with major remission of the neurological deficits after 6 months from the incident of stroke.

4. Conclusions
==============

Ischemic stroke in children is an uncommon pathology that is often underdiagnosed leading to life-threatening complications. Cerebral vascular malformation, excessive weight, and altered lipid profiles contributed to the development of acute ischemic stroke in our patient. The outcome of children with stroke depends mostly on the timely diagnosis.
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